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AIRFLOW SENSOR SYSTEM FOR MONITORING AIR INLET AIRFLOW AND 
AIR OUTLET AIRFLOW OF A VACUUM CLEANER 

\ 

\ 

TECHNICAL FIELD 

The present invention relates to an airflow sensor system for a vacuum cleaner, and 
more particularly, to an airflow sensor system for monitoring air inlet airflow and air outlet 
airflow of a vacuum cleaner. 

BACKGROUND OF THE INVENTION 

Vacuum cleaners are widely used for picking up dirt and debris. A vacuum cleaner 
therefore includes a motor and impeller that together generate a vacuum airflow. A filter of 
some manner removes the dirt and debris from the airflow. The cleaned airflow is 
subsequently exhausted from the vacuum cleaner. 

A common problem in vacuum cleaners is blockage of the vacuum airflow by the dirt 
and debris entrained in the vacuum airflow. This can occur through blockage at the air inlet 
or nozzle. The blockage can also occur at a filter. Such a blockage reduces the effectiveness 
of the vacuum cleaner. 

In a clean air type vacuum cleaner, the vacuum cleaner motor and impeller are 
positioned after the filter or filter bag system, wherein the vacuum airflow is drawn through 
the filter bag and cleaned before passing through the impeller. In contrast, a dirty air type 
vacuum cleaner locates the impeller in the vacuum airflow and therefore in the dirt and 
debris. The dirty vacuum airflow, after passing the impeller, passes through a filter or filter 
bag system. A prior art dirty airflow sensor system is typically located before a filter bag. 
Therefore, in a prior art dirty air vacuum system, it is difficult to monitor exhaust air due to 
the debris and air mix. Typical prior art sensors are easily clogged by the dirt in the dirty air 
stream. 

In the prior art, the vacuum airflow of a vacuum cleaner has been typically monitored 
by a mechanical switch or device or by a pressure sensor. In the prior art, only the vacuum 
cleaner air outlet/exhaust has been typically monitored for blockage. 

SUMMARY OF THE INVENTION 

An airflow sensor system for monitoring air inlet airflow and air outlet airflow of a 
vacuum cleaner is provided according to an embodiment of the invention. The airflow sensor 
system comprises a vacuum cleaner air duct including an air inlet and an air outlet. The air 
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duct conducts a vacuum airflow generated by the vacuum cleaner. The airflow sensor system 
further comprises a bypass tube including a first end connected to the air duct between the air 
inlet and the air outlet and with the bypass tube including a second end communicating with 
an external air. The bypass tube conducts a bypass tube airflow. The airflow sensor system 
5 further comprises an airflow sensor positioned at least partially in the bypass tube. The 

airflow sensor is configured to generate a normal voltage differential range when the bypass 
tube airflow is within a predetermined normal airflow range, configured to generate an input 
blockage voltage differential range when the bypass tube airflow is greater than the 
predetermined normal airflow range, and further configured to generate an output blockage 
10 voltage differential range when the bypass tube airflow is less than the predetermined normal 
airflow range. 

An airflow sensor system for monitoring air inlet airflow and air outlet airflow of a 
vacuum cleaner is provided according to an embodiment of the invention. The airflow sensor 
system comprises a vacuum cleaner air duct including an air inlet and an air outlet. The air 

15 duct conducts a vacuum airflow generated by the vacuum cleaner. The airflow sensor system 
further comprises an airflow sensor positioned at least partially in the vacuum airflow. The 
airflow sensor comprises a first temperature-dependent element connected to a first voltage 
node and also connected to a first bridge node. The first temperature-dependent element is 
positioned in at least a portion of the vacuum airflow. The airflow sensor further comprises a 

20 first bridge resistor connected to the first bridge node and also connected to a second voltage 
node. The airflow sensor further comprises a second temperature-dependent element 
connected to the first voltage node and also connected to a second bridge node. The second 
temperature-dependent element is positioned outside the vacuum airflow and positioned in 
ambient air. The airflow sensor further comprises a second bridge resistor connected to the 

25 second bridge node and also connected to the second voltage node. The airflow sensor 

further comprises a heater element in close proximity with the first temperature-dependent 
element. The heater element heats the first temperature-dependent element substantially as a 
function of a voltage differential across the first bridge node and the second bridge node. The 
airflow sensor is configured to generate a normal voltage differential range when the vacuum 

30 airflow is within a predetermined normal airflow range, configured to generate an input 
blockage voltage differential range when the vacuum airflow is greater than the 
predetermined normal airflow range, and further configured to generate an output voltage 
differential range when the vacuum airflow is less than the predetermined normal airflow 
range. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The same reference number represents the same element on all drawings. It should be 
noted that the drawings are not to scale. 
5 FIG. 1 shows an airflow sensor system for monitoring air inlet airflow and air outlet 

airflow of a vacuum cleaner according to an embodiment of the invention; 

FIG. 2 is a schematic diagram of an airflow sensor according to an embodiment of the 
invention; 

FIG. 3 is a graph of airflow versus voltage differential of the airflow sensor according 
10 to an embodiment of the invention; and 

FIG. 4 is a diagram of the airflow sensor system 1 00 according to an embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 FIG. 1 shows an airflow sensor system 100 for monitoring air inlet airflow and air 

outlet airflow of a vacuum cleaner according to an embodiment of the invention. The airflow 
sensor system 100 includes an air duct 101, a bypass tube 110, and an airflow sensor 111. 
The airflow sensor 1 1 1 in one embodiment extends at least partially into the bypass tube 110. 
Alternatively, the airflow sensor 1 1 1 can extend at least partially into the air duct 101. The 

20 airflow sensor 1 1 1 determines whether the vacuum airflow in the air duct 1 01 is within ji 
predetermined normal airflow range, and can generate alerts if the vacuum airflow is being 
affected by an air inlet blockage or an air outlet blockage. In one embodiment, the airflow 
sensor 111 indirectly accomplishes this by monitoring bypass tube airflow. Alternatively, the 
airflow sensor 1 1 1 can directly measure the vacuum airflow in the air duct 101 . 

25 The air duct 101 includes an air inlet 102 and an air outlet 103. The air duct 101 

further includes a motor 104 and impeller 105 that together generate the vacuum airflow in 
the air duct 101. The air duct 101 further includes a filter element 106 {i.e., a filter or filter 
bag 106) that removes dirt and debris from the vacuum airflow. In the embodiment shown, 
the vacuum cleaner is a dirty air vacuum cleaner, wherein the dirty vacuum airflow passes 

30 through the impeller 105 before passing through the filter or filter bag 106. The filter 
element 106 in a dirty air vacuum cleaner therefore comprises the air outlet 103. 
Alternatively, in a clean air vacuum cleaner embodiment, the filter element 106 is positioned 
before the impeller 105, and the vacuum airflow is cleaned before it reaches the impeller 105. 
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The bypass tube 110 includes a first end 114 connected to the air duct 101 between 
the air inlet 102 and the air outlet 103. In a dirty air vacuum cleaner embodiment, the first 
end 1 14 of the bypass tube 1 10 is connected to the air duct 101 between the air inlet 102 and 
the filter element 106 positioned in the air duct 101. The bypass tube 110 includes a second 
5 end 115 communicating with ambient air, such as air external to the vacuum cleaner. The 
purpose of the bypass tube 1 1 0 is to enable the airflow sensor 1 1 1 to detect both air inlet 
blockages and air outlet blockages. The bypass tube 1 10 is typically much smaller in cross- 
section than the air duct 101, and therefore only a small volume of air is conducted into the 
air duct 101 by the bypass tube 110. The bypass tube 110 therefore does not significantly 
10 reduce air drawn into the air inlet 1 02 through a vacuum cleaner nozzle or vacuum cleaner 
port. 

During normal, unblocked or unrestricted operation, the vacuum airflow in the air 
duct 101 falls within a normal airflow range. As a result, only a small airflow passes through 
the bypass tube 110 and into the vacuum airflow. 

1 5 When the air inlet 1 02 becomes blocked or unacceptably restricted, such as by an 

accumulation of dirt or debris, more air is pulled through the bypass tube 1 10 by the motor 
104 and impeller 105. Consequently, when the air inlet 102 is blocked or unacceptably 
restricted, the bypass tube airflow increases. When the bypass tube airflow is greater than the 
normal airflow range, the air inlet 102 can be determined to be blocked, and an appropriate 

20 air inlet blockage indicator can be activated. The activation of the air inlet blockage indicator 
can include illuminating an air inlet blockage indicator light or activating some other manner 
of mechanical or visual indicator, for example. In addition, other actions can be taken, such 
as disabling the motor 104, etc. 

When the blockage or restriction is in the air outlet 103 or filter element 106, the 

25 vacuum airflow is reduced or stopped. As a result, the bypass tube airflow is also reduced or 
stopped. Therefore, in the event of an outlet blockage or restriction, such as in the case of a 
very dirty filter element 106, the bypass tube airflow will be less than the predetermined 
normal airflow range. When the bypass tube airflow is less than the normal airflow range, 
the air outlet 103 of the filter element 106 can be determined to be blocked, and an 

30 appropriate air outlet blockage indicator can be activated. The activation of the air outlet 

blockage indicator can include illuminating an air outlet blockage indicator light or activating 
some other manner of mechanical or visual indicator, for example. In addition, other actions 
can be taken, such as disabling the motor 104, etc. 
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FIG. 2 is a schematic diagram of an airflow sensor 1 1 1 according to an embodiment 
of the invention. The airflow sensor 1 1 1 includes a first temperature-dependent element 201, 
a first bridge resistor R\ 202, a second temperature-dependent element 206, a second bridge 
resistor R 2 207, and a heater element 210. In one embodiment, the first and second 
5 temperature-dependent elements 201 and 206 are resistor temperature dependent elements. 
Resistor temperature dependent elements advantageously offer a varying resistance over a 
relatively small range of temperature. Therefore, a resistor temperature dependent element 
can be used to track small changes in temperature. However, other temperature-dependent 
elements can be employed in the airflow sensor 111. For example, the temperature- 

10 dependent elements can alternatively comprise thermistors. It should be understood that in 
one embodiment the airflow sensor 1 1 1 of FIG. 1 comprises the bridge device of FIG. 2. 

The first temperature-dependent element 201 is connected to a first voltage node Vj 
and is connected to a first bridge node Ni- The second temperature-dependent element 206 is 
connected to the first voltage node Vi and is connected to a second bridge node N 2 . The first 

15 bridge resistor R\ 202 is connected to the first bridge node Ni and is connected to a second 
< voltage node V 2 . The second bridge resistor R 2 207 is connected to the second bridge node 
N 2 and is connected to the second voltage node V 2 . In one embodiment, the heater element 
210 is in close proximity with the first temperature-dependent element 201 and radiatively 
heats the first temperature-dependent element 201. Alternatively, in another embodiment the 

20 heater element 210 is in partial or substantial contact with the first temperature-dependent 
element 201 and conductively and radiatively heats the first temperature-dependent element 
201 . For example, the heater element 210 can be located below the first temperature- 
dependent element 201 and the first temperature-dependent element 201 can substantially rest 
on the heater element 210. In this manner, an optimal heat transfer to the first temperature- 

25 dependent element 201 is obtained. 

In one embodiment, the heater element 210 is indirectly connected across the first 
bridge node N] and the second bridge node N 2 , through an instrumentation amplifier (shown) 
or other interface. Consequently, the heater element 210 receives a regulated or unregulated 
voltage that varies substantially as a function of the voltage across the first bridge node Ni 

30 and the second bridge node N 2 and heats the first temperature-dependent element 201 

substantially as a function of a voltage differential across the first bridge node Ni and the 
second bridge node N 2 . Alternatively, in a lesser preferred embodiment, the heater element 
210 can be connected directly across the first bridge node Ni and the second bridge node N 2 
(not shown). 
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In one embodiment, the first voltage node Vj comprises a positive node connected to 
a DC power source and the second voltage node V 2 comprises a negative or ground node of 
the DC power source. However, it should be understood that the first and second nodes V! 
and V 2 can be connected in other ways and to various polarities and voltage levels. 
5 The airflow sensor 1 1 1 in one embodiment is configured as a bridge that can generate 

a voltage differential across the first and second bridge nodes Ni and N 2 . The airflow sensor 
bridge 1 1 1 is configured to generate a normal voltage differential range for a vacuum airflow 
within a predetermined normal airflow range, configured to generate an input blockage 
voltage differential range when the vacuum airflow is greater than the predetermined normal 

10 airflow range, and further configured to generate an output blockage voltage differential 
range when the vacuum airflow is less than the predetermined normal airflow range. Input 
and output blockage indicator circuitry can be connected to the bridge nodes Ni and N 2 , and 
can be activated when the voltage differential across the bridge nodes Ni and N 2 exceeds 
predetermined thresholds. 

15 The first temperature-dependent element 201 is positioned at least partially in an 

airflow. In one embodiment, the airflow sensor 1 1 1 is positioned at least partially in the air 
duct 101 and in the vacuum airflow. In another embodiment, the airflow sensor 1 1 1 is 
positioned at least partially in the bypass tube 1 10, wherein the first temperature-dependent 
element 201 is at least partially in the vacuum airflow to the extent it is positioned in the 

20 bypass tube airflow. The first temperature-dependent element 201 is cooled by the airflow, 
and the temperature of the first temperature-dependent element 201 is therefore a function of 
the airflow. The electrical resistance of the first temperature-dependent element 201 in one 
embodiment will increase with an increase in temperature. As a result, the electrical current 
through the first temperature-dependent element 201 (and therefore the voltage at the first 

25 bridge node Ni and across the first bridge resistor Ri 202) will be related to the airflow over 
the first temperature-dependent element 201. 

The second temperature-dependent element 206 is positioned outside the vacuum 
airflow and is positioned in ambient air. The only cooling of the second temperature- 
dependent element 206 is done by the ambient air, and as a result the temperature of the 

30 second temperature-dependent element 206 is substantially constant. The purpose of the 
second temperature-dependent element 206 is to provide temperature compensation due to 
variations in the ambient temperature. 
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FIG. 3 is a graph of airflow versus voltage differential of the airflow sensor 1 1 1 
according to an embodiment of the invention. The graph is an example of a voltage 
differential across the bridge nodes Ni and N 2 for a typical airflow range. 

When the airflow is within the normal airflow range, the voltage differential is 
5 substantially constant, as depicted by the substantially horizontal portion of the graph. The 
voltage differential can vary somewhat with airflow, as the first bridge node voltage will 
change with airflow, while the voltage at the second bridge node N 2 remains substantially 
constant. The voltage at the second bridge node N 2 typically varies only with ambient 
temperature, and has a minimal effect on airflow measurement. 

10 In one embodiment, the voltage differential is substantially zero for the normal 

airflow range. In such an embodiment, the heater element 210 balances the first bridge node 
voltage with respect to the second bridge node voltage. When the voltage differential moves 
above or below a zero value due to changes in the airflow, more or less electrical power is 
available to the heating element 210. Because the heater element 210 can consume excess 

15 electrical power, the heating provided to the first temperature-dependent element 201 will 
likewise change. As a result, the voltage differential will remain substantially constant (and 
substantially zero in this embodiment). Consequently, unless there is a very large or very 
small amount of cooling airflow, the heater element 210 can and will balance the voltages at 
the first bridge node Ni and the second bridge node N 2 . 

20 When the airflow over the airflow sensor 1 1 1 is high, the first temperature-dependent 

element 201 is highly cooled. This cooling will result in more current passing through the 
first temperature-dependent element 201, and a higher voltage at the first bridge node Ni (z.e., 
the voltage differential falls in the input blockage voltage differential range of the figure). 
Likewise, when the airflow is below the normal airflow range, the voltage differential will be 

25 below the normal voltage differential range (i.e., the voltage differential falls in the output 
blockage voltage differential range). As can be seen from the figure, hysteresis between the 
low, normal, and high airflow conditions can be configured into the airflow sensor 111. 

It should be understood that the voltage differential across the bridge nodes Ni and N 2 
is given as an example. The voltage differential can be reversed and the slope of portions of 

30 voltage differential response can be changed by placement and characteristics of the various 
components. 

FIG. 4 is a diagram of the airflow sensor system 100 according to an embodiment of 
the invention. In this embodiment, the airflow sensor 1 1 1 is formed on a circuit board, and 
the bypass tube 1 10 connects the airflow sensor 1 1 1 to the air duct 101. Consequently, the 
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airflow sensor 1 1 1 is connected to the second end 1 1 5 of the bypass tube 110. It can be seen 
from the figure that the air duct 101 can comprise a portion of the complete air channel of the 
vacuum cleaner. 

The airflow sensor system 100 and the airflow sensor 111 according the invention can 
be implemented according to any of the embodiments in order to obtain several advantages, if 
desired. The airflow sensor system 100 and the airflow sensor 1 1 1 provide detection of 
blockage or restriction in both the air inlet 102 and the air outlet 103. The airflow sensor 
system 1 00 and the airflow sensor 1 1 1 provide an accurate electronic airflow measurement. 
The airflow sensor system 100 and the airflow sensor 111 can be employed in any type of 
vacuum cleaner, including upright, canister, wet/dry and shop vacuum cleaners, etc. 
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